The correct spatial and temporal activation of gene expression in the vertebrate embryo is driven by maternal gene products and early signalling pathways. However, few of the relevant maternal transcription factors have yet been identified, and it is not known how they modulate chromatin structure and respond to signalling pathways to reprogramme the zygotic genome. To address this question we first studied gene activation in Xenopus tropicalis by integrating nascent, poly(A)+, and total RNA transcript levels with genome-wide RNA polymerase II engagement, from the 32-cell to the mid-blastula transition and then to the late gastrula stage.
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We went on to identify key transcription factors (Sox3, Pou5f3, VegT) and signal mediators (β-catenin, Smad1, Smad2) on the basis of their protein abundance and translation frequency. We analysed their individual and combined influences on zygotic transcription, and located them on the genome during early embryogenesis to reveal the dynamics of their recruitment.
Finally, we demonstrated that the pluripotency factors Sox3 and Pou5f3 are required to allow the zygotic genome to respond to Nodal and Wnt signals. The maternal components of these pluripotency factors establish sequence-specific DNA accessibilities before the mid-blastula transition by changing chromatin composition and conformation. These transcription factors thus generate an epigenetic blueprint which is acted upon by signal mediators such as β-catenin and Smad2 to activate the spatial and temporal expression of genes that control germ layer formation, axis determination and cell differentiation. In Drosophila embryos, transcription along the anterior posterior axis is governed by three distinct maternal systems, each of which is associated with a graded nuclear distribution of specific transcription factors. These TFs are thought to establish precise boundaries of gene expression through concentration dependent interactions with enhancers associated with their target genes. The underlying mechanisms that determine this concentration dependent binding are unclear and it has been difficult to establish in vitro systems that reproduce the relevant interactions on naked DNA. Because the initial patterns of transcription arise during a period in embryonic development when the chromatin architecture is established, we have characterized the epigenetic modifications that occur at the enhancers that respond to Bicoid, the major transcription factor governing anterior posterior pattern. We first identified a set of 1027 high certainty Bcd binding sites and showed using selected reporter constructs that about 65% of these sites behave as enhancers driving patterned expression along the AP axis at the blastoderm stage. To investigate how Bcd establishes concentration thresholds to activate these genes, we utilized a series of transgenic Drosophila lines producing embryos in which Bcd is expressed uniformly at a single concentration, rather than in a gradient. We use these embryos in ChIP-seq experiments to assign the 1027 genomic sites to occupancy classes that reflect their affinity to Bicoid. We find that low affinity sites that bind Bcd only at high concentrations are associated with anterior expression, whereas high affinity sites are associated with expression in the posterior. We show that the major determinant for in vivo affinity differences between these enhancers appears to be differences in chromatin state between high and low occupancy targets, rather than by the strength of Bcd binding sites in the enhancer sequences. Furthermore, we show that Bcd itself exhibits qualities of a pioneer factor and is able to drive chromatin accessibility of its target enhancers to facilitate its own transcriptional activation of these genes. doi:10.1016/j.mod.2017.04.567
Abstracts S15
